Quaternary ammonium salts (otherwise known as quats) are commonly used active ingredients in biocide formulations used in the anti-microbial industry. Although quats have been established to be effective biocides, there are few studies investigating the maximization of biocidal efficacy in multiple component formulations using various carbon chain lengths. Reported here is the synthesis based on the Sn 2 reaction of tertiary amines with alkyl bromide. Surfactant studies of the single and dual component systems were conducted, and the evaluation is explored.
INTRODUCTION
Quaternary ammonium compounds (Quats) are an important class of surfactants. They are utilized in a wide variety of applications which include, but are not limited to, fungicides, bleach activators, biocides, algaecides, softeners, and conditioners [1] . There are several different types of quats used as biocides, with the benzalkonium being the most common. Benzalkoniums have been shown to be effective as a biocide, but recent data indicates that various strains of benzalkonium-resistant bacteria have come into being [2, 3] . For these reasons we have chosen to study the surfactant properties of both mono and dialkyl ammonium bromide compounds and their formulations. We hope that this will lead us to a better understanding of the fundamental properties of the quats and their various formulations, which will ultimately lead to the development of improved, bacteria-resistant formulations of quaternary ammonium compounds.
II. EXPERIMENTAL
Synthesis of compounds was carried out using two methods; a previously described method absent of solvent [4] , and the standard "textbook" method for quaternary ammonium halide synthesis [5] . Both methodologies undergo a bimolecular nucleophillic substitution reaction (Sn2). The following general procedure was followed for all syntheses: A tertiary amine and an N-substituted alkyl halide were placed into a 1000ml 3-neck roundbottom flask in a 1:1 ratio. The amine was always added first followed by addition of the alkylhalide. The solution was heated with stirring to a temperature below the boiling point of the solution, but hot enough to keep the solution molten. The temperature range was between 75 and 180 degrees Celsius. The solution was allowed to react for a minimum of ten hours, at which time there was a pronounced change in both the color and consistency of the solution.
The quats and various formulations of the quats were evaluated using an emulsion stability test.
The emulsion stability in this method is subject to multiple interfaces; a liquid-liquid interface, a gasliquid interface, and a solid-liquid interface. 5 ml of a solution having .05 mass percent of surfactant was transferred to a graduated cylinder. This was followed by the addition of 5 ml of decane to the graduated cylinder. Each analysis was recorded in duplicate to eliminate erroneous errors. Each cylinder was agitated once per second for ten seconds. After the ten-second interval, time * Corresponding author 
III. RESULTS AND DISCUSSION
As expected, some general trends for the single component systems were observed. As alkyl chain length increases, there is a general increase in both emulsion volume and emulsion time. As seen in Figures 1 and 2 , both graphs show a marked increase at the 8,14 quat, followed by a slow decrease in both properties. This data is consistent with what was predicted; since the increased carbon length provides a larger nonpolar surface for the Van der Waals interaction with the oil of the emulsion.
The system consisting of 10,10 quat and a quat of variable carbon chain length was investigated. We chose to look at the 10,10 quat because previous data had indicated that it was the most effective biocide of the single component systems. The binary quat system provided data that was far more interesting than that of the single component system. As alkyl chain length increased, so did emulsion time. The data also confirmed the marked increase in emulsion time at the 8,14 quat. This data is consistent with what one would expect (Figure 3) .
The deviation from our expectation occurs when we investigate the data pertaining to emulsion stability for the binary system. The most notable feature of was the peak at eh 4,14 quat ( Figure 4 ). This interesting phenomena warranted further investigation in to the binary system. Next, we sought to investigate any antagonistic/synergistic relationship that may exist between the two quats. This was accomplished by first establishing a base line. The base line was calculated by computing an average of the effects that the two quats exhibited on the binary system at the concentration which they existed in solution (.025%). Next, we plotted the base line average values against the observed values ( Figure 5) .
It was immediately apparent that there is both synergistic and antagonistic character within the binary system. To further explore and evaluate this characteristic, we plotted the amount of deviation from the expected value for the binary system. It was obvious that a great deal of deviation was observed for the 10,14 and 12,14 quats (Figure 6 ), and also that some unpredicted phenomena must be active within the system. Finally, to establish that the observed trends were not dependant on the oil used, we performed a series of tests using cyclohexane as opposed to decane. The same trends were observed, indicating that the relative data was dependent only upon the quat (Figure 7 ).
In conclusion, we have been able to demonstrate an effective means of evaluating surfactant at various concentrations.
Furthermore, we have shown that there exist both synergistic and antagonistic factors within binary quat systems which are not predicted by the traditional model.
This warrants further study into the interactions that occur within the binary system, and may lead to a better understanding of and improved formulations for biocides which contain quat compounds. 
